During CNS development, microglia transform from highly mobile amoeboid-like cells to primitive ramified forms and, finally, to highly branched but relatively stationary cells in maturity. The factors that control developmental changes in microglia are largely unknown. Because microglia detect and clear apoptotic cells, developmental changes in microglia may be controlled by neuronal apoptosis. Here, we assessed the extent to which microglial cell density, morphology, motility, and migration are regulated by developmental apoptosis, focusing on the first postnatal week in the mouse hippocampus when the density of apoptotic bodies peaks at postnatal day 4 and declines sharply thereafter. Analysis of microglial form and distribution in situ over the first postnatal week showed that, although there was little change in the number of primary microglial branches, microglial cell density increased significantly, and microglia were often seen near or engulfing apoptotic bodies. Time-lapse imaging in hippocampal slices harvested at different times over the first postnatal week showed differences in microglial motility and migration that correlated with the density of apoptotic bodies. The extent to which these changes in microglia are driven by developmental neuronal apoptosis was assessed in tissues from BAX null mice lacking apoptosis. We found that apoptosis can lead to local microglial accumulation near apoptotic neurons in the pyramidal cell body layer but, unexpectedly, loss of apoptosis did not alter overall microglial cell density in vivo or microglial motility and migration in ex vivo tissue slices. These results demonstrate that developmental changes in microglial form, distribution, motility, and migration occur essentially normally in the absence of developmental apoptosis, indicating that factors other than neuronal apoptosis regulate these features of microglial development.
Introduction
Microglia are immunocompetent cells of the central nervous system (CNS). Though once thought to be quiescent or ''resting" cells in the uninjured brain, in vivo imaging has shown that microglia in the adult brain are extremely motile (constantly remodeling their branch projections) though non-migratory (i.e. without soma translocation) (Davalos et al., 2005; Li et al., 2012; Nimmerjahn et al., 2005; Wake et al., 2009) , leading to the recognition that microglia are ''surveying", rather than ''resting," cells (Hanisch and Kettenmann, 2007) . However, less is known about their motility and migration in the developing brain and no studies in mammals currently exist to describe microglial movements in vivo during such periods even though microglia are proposed to play significant roles during development (Eyo and Dailey, 2013; Pont-Lezica et al., 2011; Schafer et al., 2013; Schlegelmilch et al., 2011) In the current study, we determined microglial dynamics during the first week of postnatal hippocampal development in the mouse. Having observed a peak of apoptotic cell debris at P4 in the CA1 region of the hippocampus, we speculated that apoptosis might regulate microglial morphological development and dynamics. First, we describe the increasing density and structural heterogeneity of microglia during this period (P2-P6). Subsequently, microglial mobilization (which we define as including both soma migration and process motility) were monitored during ex vivo time-lapse imaging in freshly excised tissue slices. We show significant changes in microglial process motility and migration over this period: while microglial mobilization remains high through P4, it falls significantly by P6, and this change correlates with the changes in developmental apoptosis in vivo.
Given that: (i) microglia accumulate in areas of developmental apoptosis; (ii) high microglial mobilization ex vivo correlated with http://dx.doi.org/10.1016/j.bbi.2015.11.009 0889-1591/Ó 2015 Elsevier Inc. All rights reserved.
